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FRET-Based Genetically Encoded Sensor of Calcineurin Activation
Hojjat Bazzazi, Lingjie Sang, David T. Yue.
Johns Hopkins University, Baltimore, MD, USA.
Calcineurin plays a central role in relaying Ca2þ signals from the plasma mem-
brane to the cell nucleus. The resulting involvement of this phosphotase in dis-
eases as diverse as schizophrenia and cardiac hypertrophy necessitates
understanding of calcineurin’s precise spatio-temporal dynamics in live cells.
To this end, genetically encoded FRET-based sensors have shown some poten-
tial for elucidating the activity of signaling kinases and phosphatases. However,
the currently available calcineurin sensors suffer from limited dynamic range
and slow kinetics. Here, we report on the development of a FRET-based sensor
of calcinuerin activation (DuoCALN), based on fusions of cerulean and venus to
various calcineurin subunits. Such sensors feature improved dynamic range
(~40% change in FRET efficiency upon full activation) and rapid on/off kinetics
(~tens of seconds). These properties are evident in HEK293 cells expressing
bothDuoCALNandM1 receptors, as summarized in the figure. Bath application
of Acetyl-b-methylcholine (horizontal bar) activates these receptors, in turn
2þtriggering phasic Ca release from intra-
cellular stores. In response, single-cell
FRET efficiency of DuoCALN displays
a rapid onset, followed by readily revers-
ible dissipation. The ongoing development
of DuoCALN sensors promises new in-
sight into the spatio-temporal dynamics
of calcineurin activation in live cells.
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Production of reactive oxygen species (ROS) has been implicated as a causal
agent in sporadic variants of many pathological conditions conditions, in-
cluding cardiovascular, inflammatory and neurodegenerative diseases, aging,
muscular dystrophy, and muscle fatigue. NADPH oxidases (Nox) have re-
cently gained attention as an important source of ROS involved in redox sig-
naling. However, our knowledge of the source of ROS has been limited by
the relatively impoverished array of tools available to study them and the
limitations of all imaging probes to provide meaningful spatial resolution.
We have developed a redox sensitive protein to specifically assess Nox activ-
ity by linking redox-sensitive GFP (roGFP) to the Nox activating protein,
p47phox. Our Nox redox probe allowed for dynamic live cell imaging of
Nox activity associated with respiratory burst activity and skeletal muscle
contraction. Grx1-roGFP has previously been reported as an efficient sensor
in live imaging of the glutathione redox potential in different cellular
compartments. The dynamic and specific analyses of redox-based assays
under different physiological and pathological conditions are greatly attrib-
uted by these biosensors. using Grx1-roGFP and our novel p47phox –roGFP
sensor, we were able to measure intra-cellular ROS production and glutathi-
one redox potential in a mouse model of Duchenne Muscular Dystrophy with
dynamic live cell imaging. Our studies suggest that NADPH oxidase plays
a major role in both extra- and intracellular ROS generation in muscular
dystrophy. As Nox has been linked to pathological redox signaling, our
newly developed Nox biosensor will allow for development of therapeutic
Nox inhibitors.
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Static dielectric constant ε modulates the activity of many biomolecules,
thereby affecting their biological roles. Yet, spatial maps of dielectric constant
in living cells is still a challenging task. Indeed, dielectric spectroscopy is un-
able to yield spatial ε maps in cells, and AFM measurements are restricted to
plasma membranes. Fluorescent probes are suitable for polarity measurements,
but their readout is usually related to complex polarity functions.
Here, we describe a fluorescent probe structurally similar to the GFP chromo-
phore, able to report on local static dielectric constant (ε) with good accuracy
both in vitro and in living cells. Notably, we found that Generalized Polariza-
tion (GP), a classical parameter for ratiometric imaging in cell microscopy,shows a linear dependence upon the logarithm of ε,thus making the probean ef-
fective indicator of local ε through GP measurements.
Our probe is suitable for bioconjugation, and its norbiotinamine or phospho-
lipids derivatives can report on local polarity of micelles, LUVs, and protein
surfaces in cuvette.
Finally, we set out measurements in cultured CHO cells by confocal micros-
copy, obtaining spatially resolved dielectric constant maps of ε for many sub-
cellular compartments, such as endoplasmic reticulum, nuclear envelope and
plasma membrane.
Our probe has a broad applicability both in vitro, allowing for accurate mea-
surements of physico-chemical parameters, and in cell or tissue imaging, being
a robust tool to monitor local changes in bioenvironments caused by external
stimuli and/or alterations of cell homeostasis.
1. Signore G. et al.; J. Am. Chem. Soc., 2010, 132(4), 1276–1288.
2. Gaus, K. et al.; Mol Membr Biol, 2006, 23, 41.
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Transient changes of spatio-temporal cytosolic calcium concentrations initiate
calcium signaling for downstream physiological actions. The intracellular
calcium stores serve as the major source for these calcium transients. To probe
calcium release in such high calcium environments, there is a pressing need to
develop calcium sensors with fast kinetic properties to fulfill the requirements
for understanding calcium signaling during fast physiological events such as
action potentials and EC-coupling. In this study, we will report the design of
calcium binding proteins with unprecedented fast kinetics that is about two
orders of magnitude faster than natural calcium binding proteins. using various
spectroscopic methods, we have shown that the designed calcium binding pro-
teins exhibit desired affinity, metal selectivity and optical properties attributed
to the calcium binding induced local conformation and dynamic change in the
chromophore environment. We then report the application of developed
calcium sensors in variety of biological processes including extracellular
calcium signaling, the store-operated calcium entry, and the calcium release
dynamics from SR in skeletal muscle in aging mice.
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There is emerging interest in designing systems that are capable of harvesting
energy from living tissue. These systems have potential applications in power-
ing medical implants such as microdevices, actuators, and electronically active
tissue engineering grafts. Specific attention has focused on the manipulation of
system and substrate geometries to control biomimetic tasks using external
electric fields1. To make these devices more feasible for in vivo usage without
the need for external energy sources or stimuli, the concept of a cardiomyocyte
pump has beendemonstrated using only chemical energy input to cells as
a driver2. The current work describes advances in materials design and cellular
integration to produce a piezoelectric system that is powered by mechanical
cell contractions. Poly(vinylidene fluoride) (PVDF) is a piezoelectric material
that will be driven by cardiomyocytes. Nanofibrous PVDF mats are fabricated
with an electrospinning process. The chemical and electrical properties of pie-
zoelectric PVDF films are characterized by FT-IR and voltage measurements
under controlled deflection, respectively. Mimicking the highly oriented nature
of human tissue and muscles may improve control/cell response; achievable
with films of anisotropically aligned nanofibers. In addition to affecting the me-
chanical properties of such films, this macroscopic alignment has been shown
to improve cell adhesion, proliferation and alignment. Anisotropic PVDF films
are fabricated by modified electrospinning methods. Murine cardiomyocytes
were differentiated on these films and the generated electrophysiological
response of the cells was measured using a highly sensitive ammeter. This
work demonstrates that aligned piezoelectric substrates are suitable for cell-
based energy harvesting. These materials are conformal, can be potentially
integrated with organ scale systems, and may be scaled to power microelec-
tronic medical implants.
